70 N- ( j,k-Dichlorophenyl / j,k-dimethylphenyl)-acetamides and substituted acetamides of the general formula j,k-X 2 C 6 H 3 NH-CO-CH 3−i X i ( j,k = 2,3; 2,4; 2,5; 3,4 or 3,5; X, X = Cl or CH 3 ; i = 0, 1, 2 or 3) have been synthesized and their 1 H and 13 C NMR spectra in solution were studied. The influence of Cl and methyl substitution in the side chain as well as in the aryl group was systematically investigated and discussed in detail. Chemical shifts of all aromatic protons and carbon atoms were computed by adding the substituent contributions in three different ways to those of the unsubstituted molecules. The agreement with the experimental values is discussed in detail for the three different methods of calculation.
Introduction
The amide moiety is an important constituent of many biologically significant compounds. Hence an understanding of the formation, properties and reactions of amides is central for future development in such areas like polypeptide and protein chemistry. Many amides exhibit fungicidal, herbicidal and pharmacological activities. Thus we are interested in the synthetic, spectroscopic and structural aspects of this class of compounds [1 -5] . We have recently reported on synthetic, infrared and NMR spectral studies of several N-(aryl)-acetamides and substituted acetamides [3 -5] . In continuation of these efforts of correlating spectroscopic parameters with the chemical bond parameters, 70 N-( j,k-dichlorophenyl / j,k-dimethylphenyl)-acetamides and substituted acetamides of the general formula j,k-X 2 C 6 H 3 NH-CO-CH 3−i X i where j,k = 2,3; 2,4; 2,5; 3,4 or 3,5; X, X = Cl or CH 3 ; i = 0, 1, 2 or 3 have been synthesized and their 1 H and 13 C NMR spectra were measured in solution and correlated.
Experimental

Materials and Methods
The 70 substances mentioned in Table 1 were prepared from j,k-dichloroanilines / j,k-dimethylanilines ( j,k-X 2 C 6 H 3 NH 2 , where j,k = 2,3; 2,4; 2,5; 3,4 0932-0784 / 07 / 0100-0084 $ 06.00 c 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com or 3,5; X = Cl or CH 3 ), substituted acetic acids (CH 3−i X i COOH, where X = Cl or CH 3 ; i = 0, 1, 2 or 3) and thionyl chloride [1, 3 -8] .
The commercially available anilines (Aldrich, Germany) were purified by either double distillation or zone refining. All other reagents employed in the preparations and purification of reagents were of analytical grade. Pure samples were treated with mixtures of respective acetic acid (acetic acid, 2-chloroacetic acid, 2,2-dichloroacetic acid, 2,2,2-trichloroacetic acid, 2-methylacetic acid, 2,2-dimethylacetic acid or 2,2,2-trimethylacetic acid) and thionyl chloride under constant stirring. The resulting mixtures were slowly warmed to expel HCl. Excess thionyl chloride was hydrolyzed by adding cold water dropwise under ice-cold conditions. The HCl produced was removed by treating with excess 2 M NaOH. The separated solids were filtered under suction, washed thoroughly with water and dried. All the 70 N-( j,k-dichlorophenyl)-and N-( j,k-dimethylphenyl)-acetamides and substituted acetamides (Table 1) thus prepared were recrystallized from ethanol several times to constant melting points. The purity of the compounds was further checked by recording their infrared spectra (Table 1) .
Spectral Measurements
The 1 H and 13 C NMR spectra of the 70 substances mentioned in Table 1 were measured using a BRUKER Table 1 . Melting points, N-H and C=O infrared absorption frequencies of N-( j,k-dichlorophenyl)-and N-( j,kdimethylphenyl) substituted acetamides, j,k-X 2 C 6 H 3 NH-CO-CH 3−i X i (X, X = Cl or CH 3 ; i =0, 1, 2 or 3). s: Strong. Table 1 (continued). Table 4 . Chemical shifts (δ , ppm) of various aromatic and other carbon atoms in N-( j,kdichlorophenyl) substituted acetamides, j,k-Cl 2 C 6 H 3 NH-CO-CH 3−i X i (X = Cl or CH 3 ; i = 0, 1, 2 or 3). Table 6 . Chemical shifts (δ , ppm) of various aromatic and other carbon atoms in Ac 300F, 300 MHz FT-NMR spectrometer. The spectra were recorded in CDCl 3 and DMSO with tetramethylsilane (Me 4 Si) as reference standard.
Results and Discussion
1 H NMR Spectra
The assignments of the chemical shifts of the aromatic and other protons in all the 70 compounds are shown in Tables 2 and 3 . These chemical shifts of aromatic protons were calculated in three different ways to check the validity of the principle of additivity of the substituent effects for this class of compounds: (i) by adding the substituent contributions [9, 10] to the corresponding 1 H chemical shifts of N-phenyl substituted acetamides, C 6 H 5 NH-CO-CH 3−i X i [5] ; (ii) by adding the incremental shifts due to -NHCOCH 3−i X i groups [5] to the 1 H chemical shifts of protons of the corresponding j,k-dichlorobenzenes / j,k-dimethylbenzenes; (iii) by adding the incremental shifts due to -COCH 3−i X i groups [5] to the 1 H chemical shifts of protons of the corresponding j,k-dichloroanilines / j,k-dimethylanilines. This has been done by recording the 1 H NMR spectra of all the respective substituted benzenes and substituted anilines under identical conditions. Comparison of the three different sets of calculated values showed that all the three ways of calculation lead to almost the same values in most cases, and these values are in reasonable agreement with the measured chemical shifts of the aromatic protons.
13 C NMR Spectra
The assignments of 13 
Comparisons and Conclusions
The overall comparison of all the calculated and observed chemical shifts of the aromatic protons and carbon atoms revealed that the chemical shifts calculated by adding the shifts due to either -NHCOCH 3 X, X = CH 3 or Cl; i = 0, 1, 2 or 3) showed more or less the same trend. The variations of 13 C-1, 13 C-O and alkyl 13 C chemical shifts with changes in the side chain also showed similar trends (figures not shown). The introduction of Cl into the methyl group in the side chain generally decreases the chemical shifts of 13 C-O, while introduction of additional methyl groups increases them. The effects are non-uniform in the case of 13 C-1 and amide proton chemical shifts. The 13 C chemical shift of the methyl carbon atom increases with the introduction of either Cl or additional CH 3 groups into it. The changes in the aryl group has little effect on the chemical shift of the carbonyl carbon atom.
